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PURPOSE: To conduct uniform surface treatment without making a 
plasma density nonuniform even when a large-sized electrode is 
used or a high-frequency power is used. 

CONSTITUTION: A high-frequency power is impressed on an 
electrode body 3 arranged in a vacuum vessel 1 at plural power 
feed places to discharge a discharging gas to produce plasma. The 
distance between the two optional ponits at the longest distance 
from each other on the peripheral part of the electrode body 3 
facing the space to produce plasma is controlled to >1/4 of the 
wavelength of the high-frequency power, and the plural power feed 
places to the electron body 3 are set at the equidistant positions 
such as centrally symmetric. The loss of the electrode body 3 due 
to the surface impedance is low and the loss is made uniform, the 
nonuniformity of the plasma due to the wavelength of the high- 
frequcny power is not caused, and the high-density uniform plasma 
is obtained. 
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* NOTICES * 




JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The vacuum housing equipped with the exhaust air system, and the gas feed system for discharge 
which introduces the gas for discharge in a vacuum housing, The electrode object arranged at the position in a 
vacuum housing and the power application device which impress high-frequency power to this electrode object, 
and the gas for discharge is made to discharge, and generates the plasma are provided. In the surface treatment 
equipment which processes the front face of a substrate using the generated plasma said electrode object A 
point to point distance of the two points of the arbitration on the periphery of the front face which countered the 
space which generates, the front face, i.e., plasma, with the longest distance It is surface treatment equipment 
characterized by being a configuration longer than the quarter of the wavelength of said high-frequency power, 
and carrying out the multi-statement of the electric power supply part to the electrode object by said power 
application device to the equal location. 

[Claim 2] The frequency of said high-frequency power is surface treatment equipment according to claim 1 
characterized by belonging to the 30 to 300MHz VHF band. 

[Claim 3] Said power application device is surface treatment equipment according to claim 1 or 2 characterized 
by consisting of the RF generator which generates high-frequency power, a turnout which branches the output 
of an RF generator in the number equivalent to the number of said two or more electric power supply parts, an 
adjustment machine arranged on the supply line of the high-frequency power from an RF generator to a turnout, 
and a branching guided wave object which leads the high-frequency power which branched by the turnout to 
each of said electric power supply part. 

[Claim 4] Said power-application device is surface-treatment equipment according to claim 1 or 2 characterized 
by to consist of the RF generator which generates high-frequency power, a turnout which branches the output of 
an RF generator in the number of said two or more electric power supply parts, a branching guided wave object 
which leads the high-frequency power which branched by this turnout to each of said electric power supply part, 
and an adjustment machine arranged, respectively on the supply line of high-frequency power with each 
branching guided wave object. 

[Claim 5] It is surface treatment equipment according to claim 1, 2, 3, or 4 characterized by for said electrode 
object being a tabular member and setting up said electric power supply part in the shape of axial symmetry to 
the line on the rear face where the front face which countered the space which makes a rear face, i.e., the 
plasma, generate passes along the shape of central symmetry, and a core to the core of the rear face concerned 
in the field of the opposite side. 

[Claim 6] The space where said electrode object makes the plasma generate from the periphery of the tabular 
body of an electrode and this body of an electrode is claims 1,2, and 3 which consist of the skirt board 
sections prepared towards the opposite side as were prolonged , and are characterize by set said electric power 
supply part as this skirt board section , or surface treatment equipment given in four . 

[Claim 7] Said electric power supply part is surface treatment equipment according to claim 6 characterized by 
being set up in the shape of axial symmetry to the line which crosses at right angles to the shape of central 
symmetry, and a medial axis to the medial axis of said body of an electrode. 

[Claim 8] For said substrate which has said rectangle front face and is processed using the plasma, said 
electrode object is claims 1, 2, 3, 4, 5, and 6 characterized by being a substrate for the object for liquid crystal 
displays, or solar batteries, and surface treatment equipment given in seven. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the surface treatment equipment of the type which generates 
the plasma by the gas discharge which the front face of a substrate was made to produce with high-frequency 
power especially about the surface treatment equipment which performs predetermined processing using the 
plasma. 
[0002] 

[Description of the Prior Art] Performing various processings on the surface of a substrate is briskly performed 
in manufacture of LSI (large-scale integrated circuit), LCD (liquid crystal display), an information record disk, 
etc. Although thin film formation, etching, surface treatment, etc. continue variably, as for the class of surface 
preparation, in many cases, physical or the surface preparation using a chemical operation of the plasma is 
performed. Although the type of when exists in the method of the plasma production for such surface treatment, 
the method which uses the gas discharge produced with high-frequency power is frequently adopted from a 
viewpoint which is efficient and acquires the high density plasma. 

[0003] Drawing 5 is a schematic diagram explaining the configuration of the conventional surface treatment 
equipment which used the gas discharge by such high-frequency power. The surface treatment equipment 
shown in drawing 5 possesses the vacuum housing 1 equipped with the exhaust air system 1 1 , the gas feed 
system 2 for discharge which introduces the gas for discharge in a vacuum housing 1, the electrode object 3 
arranged at the position in a vacuum housing 1 , and the power application device 4 which impress high- 
frequency power to this electrode object 3, and the gas for discharge is made to discharge, and generates the 
plasma. 

[0004] The power application device 4 consists of adjustment machine 43 grades arranged on RF generator 41 
which generates a RF, the guided wave object 42 which leads the high-frequency power which RF generator 41 
generated to the electrode object 3 in a vacuum housing 1, and the guided wave object 42. In many cases, a 
substrate 50 is held on the substrate holder 5 which countered the electrode object 3 and has been arranged 
across the space (it is hereafter called plasma production sky for short) where the plasma is generated. 
[0005] In the surface treatment equipment of drawing 5 , while introducing the gas for discharge according to 
the gas feed system 2 for discharge in the vacuum housing 1 exhausted by the exhaust air system 1 1 , 
predetermined high-frequency power is impressed to the electrode object 3 according to the power application 
device 4. The introduced gas for discharge discharges by the electric field of the RF by which induction was 
carried out to the electrode object 3, and generates the plasma. And predetermined processing is performed to 
the front face of a substrate 5 according to a physical or chemical operation of the generated plasma. For 
example, if the gas which has an etching operation as gas for discharge is introduced, predetermined etching 
processing will be performed on the front face of a substrate 5. In addition, a thing with a frequency of 
13.56MHz to which the high-frequency power impressed belongs to HF band is adopted in many cases. 
Moreover, 2.54GHz microwave may be used with the equipment which generates the plasma using ECR 
(electron cyclotron resonance). 
[0006] 

[Problem(s) to be Solved by the Invention] There is a point of enlargement of the substrate processed as one 
inclination of the above surface treatment equipments. In the case of the substrate for LCD, this has the 
inclination which a substrate enlarges from the need of manufacturing big LCD of a screen product. Moreover, 
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wafer size tends to become^^e on the request whose field of the wafe^^^ LSI also manufactures many 
devices from one wafer. Thus, when processing the front face of a large-sized substrate by the plasma, the big 
plasma production space corresponding to the magnitude of the front face of a substrate is needed. This means 
that an electrode object must also be enlarged according to enlargement of a substrate with the surface treatment 
equipment which used the above electrode objects. 

[0007] However, when the electrode object became large in the equipment which used the above high- 
frequency power according to research of an artificer, it became clear that distribution of the plasma generated 
tends to become an ununiformity from the relative relation of the magnitude of the electrode object over the 
wavelength of high-frequency power. That is, when the magnitude of the front face (a front face is called 
hereafter) which countered the plasma production space of an electrode object is sufficiently smaller than the 
wavelength of high-frequency power, the problem of the heterogeneity of the plasma consistency resulting from 
the wavelength of high-frequency power is not produced. However, if the magnitude of the front face of an 
electrode object approaches the die length (the following, lambda/4) of the quarter of the wavelength of high- 
frequency power, the problem of the heterogeneity of a plasma consistency will actualize gradually. This 
originates in the reinforcement of the electric field by which induction is carried out to plasma production space 
with an electrode object having distribution of the strength according to the wavelength of high-frequency 
power. According to examination of an artificer, an electrode object becomes large, and if front magnitude 
exceeds lambda/4, with the configuration of equipment, it will become the plasma consistency heterogeneity 
which poses a problem considerably practically conventionally [ above-mentioned ]. 

[0008] On the other hand, in the field of the surface treatment which creates an amorphous silicon thin film etc., 
in order to obtain a good thin film, use of the RF of a VHF band instead of the RF of the above HF bands is 
proposed (S. Oda, Plasma Sources Sci.Technol., 2 (1993) 26). According to this proposal, a membrane 
formation rate becomes about 30 times in 13.56MHz, and its membraneous quality improves according to the 
phenomenon of SiH2 association in the film, and it is reported by by impressing the electrical potential 
difference of the same magnitude as the case of 13.56MHz by the 144MHz RF that it is possible to also prevent 
generation of the particle of Si further. 

[0009] Use of the RF of an about 144MHz VHF band stops however, avoiding the problem of the heterogeneity 
of the above plasma consistencies. That is, in creation of the amorphous silicon thin film at the time of 
manufacturing the TFT active-matrix mold LCD, for example, an about [ 500mmx600mm ] tabular rectangle 
electrode object is used. On the other hand, the wavelength of 144MHz high-frequency power becomes about 
2.1m, therefore it is set to about 500mm lambda/4. This figure becomes almost equal to the magnitude of the 
front face of said electrode object. For this reason, when a 144MHz RF which is proposed by the above- 
mentioned reference is applied to conventional equipment, the plasma uneven as mentioned above will be 
generated. 

[0010] Moreover, with the plasma which, on the other hand, used the RF of a VHF band like the above- 
mentioned reference, the problem of the surface impedance of the electrode object resulting from the skin effect 
is also actualized, namely, — if a frequency becomes high like a VHF band — the high frequency current — a 
conductor — it comes to flow near a front face, the conductor with which a current flows — thickness 
(henceforth, epidermis thickness) delta of the field near a front face is given by delta-root {2/(omegamu0 
sigma)} (however, omega; angular frequency, muO; permeability, sigma; conductivity). That is, since epidermis 
thickness delta becomes small in proportion to the 1 -/square of omega (=2pif), in the case of a VHF wave, it 
will become about 2 / three to 1/5 compared with 13.56MHz HF wave. 

[001 1] For this reason, while the joule loss in the front face of an electrode object becomes large, consequently 
the power efficiency of the whole plasma production declines, the problem of ununiformity-izing of the plasma 
consistency by difference of the die length of a propagation path is also produced. Furthermore, the surface 
impedance of an electrode object is difficult to be influenced by surface roughness, dirt, etc. of an electrode 
object and to attain a uniform surface impedance. So, use of the VHF wave in conventional equipment will 
bring about ununiformity-ization of a plasma consistency also at this point. In addition, the above ununiformity- 
ization of a plasma consistency brings about ununiformity-ization of surface treatment [ as opposed to a 
substrate with a natural thing ]. 

[0012] Even if the invention in this application is the case where the high-frequency power of a higher 
frequency is used when it is made in order to solve this technical problem, and using a large-sized electrode, it 
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aims at offering the equipm^^vhich a plasma consistency does not uniHKrmity-ize and can perform uniform 
surface treatment to a substrate. 
[0013] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, invention of this application 
according to claim 1 The vacuum housing equipped with the exhaust air system, and the gas feed system for 
discharge which introduces the gas for discharge in a vacuum housing, The electrode object arranged at the 
position in a vacuum housing and the power application device which impress high-frequency power to this 
electrode object, and the gas for discharge is made to discharge, and generates the plasma are provided. In the 
surface treatment equipment which processes the front face of a substrate using the generated plasma said 
electrode object A point to point distance of the two points of the arbitration on the periphery of the front face 
with the longest distance is a configuration longer than the quarter of the wavelength of said high-frequency 
power, and the electric power supply part to the electrode object by said power application device has the 
configuration that the multi-statement is carried out to the equal location. In order to attain the above-mentioned 
purpose similarly, invention according to claim 2 has the configuration that the frequency of high-frequency 
power belongs to the 30 to 300MHz VHF band, in the configuration of above-mentioned claim 1 . In order to 
attain the above-mentioned purpose similarly, invention according to claim 3 In above-mentioned claim 1 or the 
configuration of 2 a power application device The RF generator which generates high-frequency power, and the 
turnout which branches the output of an RF generator in the number equivalent to the number of two or more 
electric power supply parts, It consists of an adjustment machine arranged on the supply line of the high- 
frequency power from an RF generator to a turnout, and a branching guided wave object which leads the high- 
frequency power which branched by the turnout to each of said electric power supply part. In order to attain the 
above-mentioned purpose similarly, invention according to claim 4 In above-mentioned claim 1 or the 
configuration of 2 a power application device The RF generator which generates high-frequency power, and the 
turnout which branches the output of an RF generator in the number of two or more electric power supply parts, 
It consists of a branching guided wave object which leads the high-frequency power which branched by this 
turnout to each of an electric power supply part, and an adjustment machine arranged, respectively on the 
supply line of high-frequency power with each branching guided wave object. In order to attain the above- 
mentioned purpose similarly, invention according to claim 5 is a member tabular in an electrode object in 
above-mentioned claims 1, 2, and 3 or the configuration of 4, and an electric power supply part has the 
configuration of being set up in the shape of axial symmetry to the line on the rear face which passes along the 
shape of central symmetry, and a core to the core of the rear face concerned in the field of the opposite side, 
with the front face which countered the rear face, i.e., plasma production space. In order to attain the above- 
mentioned purpose similarly, invention according to claim 6 consists of the skirt-board sections in which it was 
established as the periphery of the tabular body of an electrode and this body of an electrode to plasma 
production space extended towards the opposite side in above-mentioned claims 1,2, and 3 or the configuration 
of 4 for the electrode object, and it has the configuration that said electric power supply part is set as this skirt- 
board section. In order to attain the above-mentioned purpose similarly, invention according to claim 7 has the 
configuration that the electric power supply part is set up in the shape of axial symmetry to the line which 
crosses at right angles to the shape of central symmetry, and a medial axis to the medial axis of the body of an 
electrode, in the configuration of above-mentioned claim 6. In order to attain the above-mentioned purpose 
similarly, invention according to claim 8 has a rectangle electrode object front face in above-mentioned claims 
1, 2, 3, 4, 5, and 6 or the configuration of 7, and the substrate processed using the plasma has the configuration 
that it is a substrate for the object for liquid crystal displays, or solar batteries. 
[0014] 

[Example] Hereafter, the example of this invention is explained. In the following explanation, as an example of 
surface-preparation equipment, in case the TFT active-matrix mold LCD is manufactured, the equipment which 
creates a required amorphous silicon thin film is assumed. However, of course, there is no object of this 
invention what is limited to this kind of equipment. 

[0015] Drawing 1 is a schematic diagram explaining the surface treatment equipment of the first example of the 
invention in this application, and drawing 2 is a strabism external view explaining the configuration of the 
turnout in the equipment of drawing 1 , and a branching guided wave object. The surface treatment equipment 
shown in drawing 1 possesses the vacuum housing 1 equipped with the exhaust air system 1 1 , the gas feed 
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system 2 for discharge whi^^troduces the gas for discharge in a vacuf^^ousing 1 , the electrode object 3 
arranged at the position in a vacuum housing 1 , and the power application device 4 which impress high- 
frequency power to the electrode object 3, and the gas for discharge is made to discharge, and generates the 
plasma like the equipment of drawing 5 . 

[0016] First, the substrate holder 5 with which the substrate 50 processed is laid in the position in a vacuum 
housing 1 is arranged. The substrate 50 processed is a rectangle magnitude [ about / 550mmx650mm ] glass 
substrate. 

[0017] On the other hand, the electrode object 3 in this example is a tabular rectangle member corresponding to 
the configuration of a substrate 50. This tabular electrode object 3 is arranged in the vacuum housing 1 so that it 
may counter in parallel with the substrate holder 5. And the space across which it faced with the substrate 
holder 5 which counters, and the electrode object 3 is plasma production space, and the plasma is generated by 
this space. The electrode object 3 is the member of the rectangle of 500mm angle to lm angle extent, or a 
square tabular in each side, and the whole thickness is about 60mm. However, since it flows near the front face 
of the electrode object 3, if the high frequency current has the magnitude which is equivalent to epidermis 
thickness (it is 20-30 micrometers with a VHF band) as thickness, it is electrically enough. As the quality of the 
material of the electrode object 3, stainless steel etc. is used in many cases. Such an electrode object 3 is 
attached in the container wall of a vacuum housing 1 through the insulating material 13. That is, as shown in 
drawing 1 , a vacuum housing 1 has opening into a container wall part on top, and the electrode object 3 is 
attached in the part of this opening through the insulating material 13. In addition, between the container wall of 
a vacuum housing 1, and an insulating material 13, and between the insulating material 13 and the electrode 
object 3, the vacuum seal of the non-illustrated seal member is arranged and carried out. 

[0018] Next, the configuration of the power application device 4 in which predetermined high-frequency power 
is impressed to such an electrode object 3 is explained. The power application device 4 in this example consists 
of RF generator 41 which generates predetermined high-frequency power, a turnout 44 which branches the 
output of RF generator 41 to plurality, an adjustment machine 43 arranged on the supply line of the high- 
frequency power from RF generator 41 to a turnout 44, and a branching guided wave object 45 which leads the 
high-frequency power which branched by the turnout 44 to each of an electric power supply part. 
[0019] First, what RF generator 41 in this example can make able to generate the high-frequency power of a 30- 
300MHz VHF band, and can generate the about 60-150MHz VHF wave which contains the same 144MHz as 
reference shown above is used suitably. The output power of RF generator 41 is about 500W. 
[0020] With the equipment of this example, four electric power supply parts are set up and that to which the 
turnout 44 of the power application device 4 branches the output of above-mentioned RF generator 41 to four is 
used. This turnout 44 consists of a connection port 441 of the shape of a cylinder arranged in the center, and a 
branching port 442 of the four shape of a strip prolonged in a radial from this connection port 441 , as shown in 
drawing 2 . 

[0021] The connection port 441 is a part to which the guided wave object (un-[ in drawing 2 ] illustrating) 
which connects the adjustment machine 43 arranged at the upstream and a turnout 44 is connected. Four 
branching ports 442 are arranged so that it may extend in a radial at intervals of 90 degrees from this connection 
port 441. A non-illustrated guided wave object, connection of the connection port 441, and connection between 
the connection port 441 and the branching port 442 are made by the approach of welding, soldering, low 
attachment, or a screw stop. Moreover, both the quality of the materials of the connection port 441 and the 
branching port 442 are a metal or alloys, such as aluminum or copper. Moreover, in addition, the magnitude of 
the connection port 441 is about 30mm in the diameter of 30mm, and height. The branching port 442 is about 
200mm in 1mm in width of face of 30mm, and thickness, and die length. 

[0022] On the other hand, the branching guided wave object 45 in this example is a cylinder-like member as 
shown in drawing 2 . This branching guided wave object 45 is arranged with the perpendicular posture to the 
above-mentioned branching port 442. As the branching guided wave object 45 is shown in drawing 2 , a part for 
the point is connected to the back end of each branching port 442, and the lower limit part is connected to the 
rear face of the above-mentioned electrode object 3. The branching guided wave object 45 is formed from a 
metal or alloys, such as aluminum or copper, like the above-mentioned connection port 441 grade. As a 
dimension, it is about 1 00mm in the diameter of 20mm, and height. Connection between the branching guided 
wave object 45 and the branching port 442 and connection between the branching guided wave object 45 and 
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the electrode object 3 are si^Jtrly made by the approach of welding, s<^feng, low attachment, or a screw 
stop. In addition, in this example, since the branching guided wave object 45 is aluminum etc. and the electrode 
object 3 is stainless steel, it becomes connection of a dissimilar metal. Since welding of such a dissimilar metal 
is generally difficult, its configuration which forms a predetermined flange in the lower limit of the branching 
guided wave object 45, and carries out the screw stop of the flange to the rear face of the electrode object 3 is 
practical. 

[0023] The electric power supply part in this example is set up from drawing 2 and the above-mentioned 
explanation in the shape of central symmetry to the core of the rear face of the electrode object 3 the ****** 
passage. That is, it is set up on [ four ] each square top-most vertices centering on the core of the rear face of the 
electrode object 3. Specifically, as for the branching port 442 which the connection port 441 of the above- 
mentioned turnout 44 is arranged on the medial axis of the electrode object 3, separates it from the connection 
port 441 by a unit of 45 degrees, and extends in a radial, the same die-length thing is used altogether. The 
branching guided wave object 45 is perpendicularly prolonged caudad from the back end of the branching port 
442, and is connected to the rear face of the electrode object 3. Therefore, four electric power supply parts 
become the location of each top-most vertices of the square which makes it twice [ about ] (about 400mm) the 
die length of the branching port 442 the diagonal line. 

[0024] In addition, as for an electric power supply part, it is desirable to be set as the location which kept away 
from the medial axis of the electrode object 3 if possible. This is for, shortening the supply path of the high- 
frequency power to the plasma if possible, and making loss of high-frequency power small. That is, although it 
is necessary to make small loss of the high-frequency power in the part of the electrode object 3 in order to 
enlarge radio-frequency energy supplied to the plasma, a certain amount of loss is not avoided from the surface 
impedance of the electrode object 3. In this case, if the supply path of a part with a large impedance is shortened 
as much as possible, it will become possible to make loss of high-frequency power small. 
[0025] On the other hand, in a configuration as shown in drawing 2 , the high frequency current flows near the 
front face of a conductor, therefore, the high frequency current which flows from the branching guided wave 
object 45 ~ the rear face of the electrode object 3 — an edge — going — flowing — an end face — surroundings 
****-- it is made like, and after flowing, it flows toward the center of a front face 31. Therefore, by, arranging 
the branching guided wave object 45 outside if possible, and making it an electric power supply part become a 
location near the edge of the electrode object 3, the above-mentioned electric power supply path can be 
shortened, and loss of the high-frequency power by the surface impedance of the electrode object 3 can be made 
small as much as possible by this. 

[0026] In addition, the adjustment machine 43 is arranged on the supply line of the upstream of the above- 
mentioned turnout 44. Also including the guided wave object, the turnout 44, the branching guided wave object 
45, and the electrode object 3 which are not illustrated [ which connects the adjustment machine 43 and a 
turnout 44 ], the adjustment machine 43 is adjusted so that the whole load of the downstream may become a 
predetermined impedance from the adjustment machine 43. The value of an impedance of changing according 
to the frequency of the high-frequency power to impress is natural. Moreover, a coaxial cable is adopted as the 
supply line of the high-frequency power from RF generator 41 to the adjustment machine 43. Rectangular 
waveguide etc. may be adopted if a frequency becomes high. 

[0027] Next, the configuration of those other than power application device 4 is explained briefly. First, the gas 
feed system 2 for discharge which introduces the gas for the plasma production by gas discharge is explained. 
The gas feed system 2 for discharge consists of the chemical cylinder which is not illustrated [ which 
accumulated the gas for discharge ], a process line 21 which draws the gas for discharge in a chemical cylinder 
in a vacuum housing 1, a bulb 22 arranged on a process line 21, a non-illustrated massflow controller, etc. 
[0028] As shown in drawing 1 , the interior is hollow and the electrode object 3 of this example has many gas 
blowdown holes 32 in the front face 31. As shown in drawing 1 , the connection 33 of the gas installation tubing 
23 is formed in the rear face of the electrode object 3. The gas installation tubing 23 has the discontinuous 
construction which insulated by putting short tubing (un-illustrating) formed with insulating materials, such as 
an alumina, on the way, and is connected to the termination of the process line 21 of the gas feed system 2 for 
discharge. In addition, the gas blowdown hole 32 prepared in the front face 31 of the electrode object 3 is a 
small thing with a diameter of about 0.5mm, and is prepared at intervals of about 10- 15mm. If the gas 
blowdown hole 32 becomes large, depending on the pressure in a vacuum housing 1 , discharge may arise in the 
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inside part of the gas blowdc^n hole 32. Since there is a problem from ^Kh the surface impedance of the 
front face 31 of the electrode object 3 becomes an ununiformity, and a plasma consistency also becomes an 
ununiformity when such discharge arises, it is necessary to make it the magnitude which is extent which 
discharge does not produce. Although this magnitude is based also on the pressure in a vacuum housing 1 , in 
the case of the pressure of lTorr extent, it is about 1mm or less, for example. 

[0029] In the gas feed system 2 for discharge concerning the above-mentioned configuration, the gas for 
discharge is supplied to the interior of the electrode object 3 via the gas installation tubing 23 from a process 
line 21 . The supplied gas blows off from the gas blowdown hole 32, and arrives at front plasma production 
space. Thus, if gas is made to blow off from the gas blowdown hole 32 of a large number prepared in the front 
face 31 of the electrode object 3 and gas is supplied to plasma production space, distribution of the gas in 
plasma production space becomes homogeneity, and it can contribute to the uniform surface treatment to a 
substrate 50. In addition, as gas for discharge, although it changes with classes of surface treatment, when what 
is necessary is to perform only plasma production by discharge, inert gas, such as an argon, is adopted typically. 

[0030] On the other hand, the exhaust air system 1 1 attached to the vacuum housing 1 is constituted so that it 
may have the vacuum pumps 111, such as an oil sealed rotary pump and a turbo molecular pump, for example, 
can exhaust to the ultimate-pressure force of 10-5Torr extent. In addition, a vacuum housing 1 is equipped with 
the gate valve 12 for receipts and payments of a substrate 50, and the conveyance system which is not illustrated 
for carrying out carrying-in taking out of the substrate 50 through a gate valve 12 is arranged. 
[0031] Next, actuation of the equipment of this example concerning the above-mentioned configuration is 
explained. First, a non-illustrated conveyance system carries in a substrate 50 in a vacuum housing 1 through a 
gate valve 12, and arranges on the substrate holder 5. And the exhaust air system 1 1 operates, the inside of a 
vacuum housing 1 is exhausted to 10-5Torr extent, and the gas feed system 2 for afterdischarge introduces the 
gas for discharge. 

[0032] Next, the above-mentioned power application device 4 operates. That is, with the coaxial cable which 
constitutes a supply line, the high frequency which RF generator 41 generated is led to the adjustment machine 
43, and reaches a turnout 44 through the adjustment machine 43. And after branching to four by the turnout 44, 
it is impressed by the electrode object 3 through the branching guided wave object 45, respectively. The 
impressed high-frequency power turns around an end face from the rear face of the electrode object 3, and is 
supplied to a front face 31. The supplied high-frequency power makes the gas for discharge introduced into 
plasma production space ionize, and produces discharge, and the plasma is generated by this discharge. By this 
plasma, predetermined processing is performed to the front face of the substrate 50 on the substrate holder 5. 
[0033] Under the present circumstances, since two or more electric power supply parts are equally set up as 
above-mentioned, while loss of the high-frequency power at the time of the front face 31 of the electrode object 
3 being supplied becomes small, the plasma consistency of the plasma generated by high-frequency power 
becomes homogeneity. That is, as a result of carrying out the multi-statement of the electric power supply part, 
compared with the case where the number of the electric power supply paths to the front face 3 1 of the electrode 
object 3 is one, it becomes small, and the power loss resulting from a surface impedance is reduced. Moreover, 
since the electric power supply part is equal, the high-frequency power supplied from each electric power 
supply part is equally lost in each supply path to the front face 31 of the electrode object 3. Consequently, the 
RF supplied from each supply path is equally superimposed in the front face 31 of the electrode object 3, and it 
contributes to generating the uniform plasma. In addition, although there may be heterogeneity of a surface 
impedance for the irregularity of the front face of the electrode object 3, or dirt, since the electric power supply 
path itself is shorter than before, there are few problems of the heterogeneity of this surface impedance far 
compared with the former. Thus, since the homogeneity plasma is acquired, the processing to the front face of a 
substrate 50 will become uniform. 

[0034] Moreover, the heterogeneity of the plasma consistency to which it comes from the relative relation 
between the wavelength of high-frequency power and the magnitude of the front face 31 of the electrode object 
3 is produced when the front face 31 of the electrode object 3 becomes large about [ of the wavelength of high- 
frequency power ] from lambda/4, as the part of a Prior art explained. When it expresses in a general form 
supposing the configuration of various electrode objects 3, a point to point distance of the two points of the 
arbitration on the periphery of the front face 31 of the electrode object 3 with the longest distance will call it the 
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configuration where the wa^rohgth of high-frequency power is longer Wm about lambda/4. When the 
electrode object 3 of such a configuration is used, the predominance of the configuration of this example which 
cancels the heterogeneity of a plasma consistency is demonstrated. That is, since high-frequency power is 
branched, and it supplies and is made to superimpose in the front face 31 of the electrode object 3, even if it is 
the case where a point to point distance of the two points of the arbitration on the periphery of the front face 3 1 
of the electrode object 3 with the longest distance exceeds lambda/4, the problem of the heterogeneity of a 
plasma consistency does not arise. Especially with the surface treatment equipment which processes a substrate 
50 for LCD like the equipment of this example, there is an inclination which the electrode object 3 enlarges and 
the electrode object 3 which has the front face 31 exceeding lambda/4 of the wavelength of the above high- 
frequency power will be easy to be adopted. Therefore, the configuration of this example is suitable as 
equipment which processes such a substrate 50 for LCD. 

[0035] Moreover, on the other hand, the standing wave generated in the supply path of high-frequency power 
becomes the cause of reducing effectiveness in order to consume the energy which is not supplied to the 
plasma. Therefore, the configuration which suppresses generating of a standing wave as much as possible is 
important. If it says with the equipment of this example, when any two arrangement spacing of four branching 
guided wave objects 45 is equivalent to one half of the wavelength of high-frequency power, for example and 
the high-frequency power of an inphase is impressed to the two, there is a possibility that a strong standing 
wave may occur between the connection parts of the two branching guided wave objects 45. Therefore, when it 
is in phase and supplies high-frequency power, it is important to constitute, as spacing of all branching guided 
wave object 45 comrades has separated enough from one half of the wavelength of high-frequency power. In 
addition, although the problem of the above-mentioned standing wave will be lost if high-frequency power is 
supplied to each branching guided wave object 45 with a different phase, supplying high-frequency power with 
a different phase carries out complicated [ of the configuration of a power feeder style ], and it has the fault 
which becomes high cost. 

[0036] If the example of concrete surface treatment is explained, when creating an amorphous silicon thin film 
in the front face of a substrate 50, for example by CVD (vapor growth), the mixed gas of a silane and hydrogen 
is introduced as gas for discharge. And the flow rate of mixed gas is set as 1000sccm(s), the ambient pressure 
force is set as lTorr, and high-frequency power with a frequency of 100MHz is impressed to the about [ 200W ] 
electrode object 3. A silane decomposes in the plasma of the mixed gas of a silane/hydrogen, and a 
predetermined amorphous silicon thin film accumulates on the front face of a substrate 50. In this example, the 
thickness and membraneous quality of an amorphous silicon to deposit will become uniform from the plasma 
uniform as mentioned above being generated. In addition, in the thin film creation processing to the above 
substrates 50 for LCD, forming silicon nitride etc. following membrane formation of an amorphous silicon, and 
carrying out the laminating of the thin film is performed frequently. In this case, the gas feed system 2 for 
discharge is constituted so that the gas for discharge required for each membrane formation can be alternatively 
introduced in a vacuum housing 1 . 

[0037] Next, the second example of the invention in this application is explained. Drawing 3 is a schematic 
diagram explaining the surface treatment equipment of the second example. The surface treatment equipment 
shown in drawing 3 possesses the vacuum housing 1 equipped with the exhaust air system 1 1 , the gas feed 
system 2 for discharge which introduces the gas for discharge in a vacuum housing 1, the electrode object 3 
arranged at the position in a vacuum housing 1 , and the power application device 4 which impress high- 
frequency power to this electrode object 3, and the gas for discharge is made to discharge, and generates the 
plasma like the equipment of drawing 1 . And the power application device 4 in this second example as well as 
the first example consists of RF generator 41 which generates predetermined high-frequency power, a turnout 
44 which branches the output of RF generator 41 to plurality, an adjustment machine 43 arranged on the supply 
line of the high-frequency power from RF generator 41 to a turnout 44, and a branching guided wave object 45 
which leads the high-frequency power which branched by the turnout 44 to each of said electric power supply 
part. 

[0038] On the other hand, the configuration of the electrode object 3 differs from the first example greatly. The 
electrode object 3 in this example consists of the skirt-board sections 35 prepared as plasma space extended 
towards the opposite side from the periphery of the disc-like body 34 of an electrode, and this body 34 of an 
electrode. The skirt-board section 35 is the member of the shape of a circular ring which rounded off the strip- 
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like member in the shape oH^eriphery, and formed it, and it is installecH^the periphery of the body 34 of an 
electrode so that the cross direction may become in the thickness direction of the body 34 of an electrode. 
[0039] And two or more electric power supply parts are set as this skirt-board section 35. That is, four electric 
power supply parts are set up like the above-mentioned, and these four electric power supply parts are equally 
set as the external surface of the circular ring-like skirt-board section 35. That is, one fourth separates radii 
every and it is set up at equal intervals. Specifically, the termination of the branching guided wave object 45 is 
connected to the external surface of the skirt-board section 35 by the approach of welding, soldering, low 
attachment, or a screw stop. 

[0040] Thus, if the skirt-board section 35 is formed in the periphery of the electrode object 3 and an electric 
power supply part is set as this skirt-board section 35, the supply path of high-frequency power of reaching the 
front face 31 of the electrode object 3 will be shortened further, and problems resulting from a surface 
impedance, such as loss and the heterogeneity of the plasma, will be reduced by being carried out. That is, as 
the first example explained, in order to shorten the electric power supply path to a front face 3 1 , it is desirable to 
bring an electric power supply part to the location near a periphery as much as possible in the rear face of the 
electrode object 3. Although it will be said that it is optimal to set an electric power supply part as the peripheral 
surface of the electrode object 3 when this is pushed, in the case of the tabular electrode object 3, it is actually 
difficult to connect the branching guided wave object 45 to a peripheral surface. Then, like this example, the 
skirt-board section 35 is formed and the branching guided wave object 45 is connected to this skirt-board 
section 35. 

[0041] In addition, of course, it is desirable to make the connection place of the branching guided wave object 
45 into the location possible nearest to the front face 31 of the electrode object 3, i.e., the location possible 
nearest to the margo inferior of the skirt-board section 35, from the semantics which shortens an electric power 
supply path. Moreover, the distance d from an electric power supply part to the upper limb of the skirt-board 
section 35 is an important dimension at the point of preventing the inflow of the RF to the inside of the skirt- 
board section 35. That is, if distance d is set as 1/4 or 1/2 of wavelength, since a standing wave will be formed 
between an electric power supply part and the upper limb of the skirt-board section 35, the inflow of the RF to 
the inside of the skirt-board section 35 to which that it is crowded turns around an upper limb is controlled. [ of 
high-frequency power ] Since the RF which flows into an inside is energy consumed vainly, without 
contributing to plasma production, it is important to control this because of improvement in energy efficiency. 
[0042] When you process the substrate 50 for LCD mentioned above as magnitude of the electrode object 3, let 
magnitude of the part of the body 34 of an electrode be the diameter of about 400mm. The configuration of the 
thickness of the body 34 of an electrode, surface treatment, and gas blowdown hole 32 grade can be constituted 
like the electrode object 3 of the first example mentioned above. The quality of the material, surface treatment, 
etc. of the skirt-board section 35 are constituted like the body 34 of an electrode. In addition, the configuration 
of the body 34 of an electrode does not need to be a disk, and the configuration of rectangles, such as a square 
and a rectangle, or others is sufficient as it. The uniform plasma is acquired like the first example and the 
equipment of this second example can also perform uniform surface treatment to a substrate 50. Since actuation 
of equipment, the example of a process, etc. are the same as that of the first example, explanation is omitted. 
[0043] Next, the third example of the invention in this application is explained. Drawing 4 is a schematic 
diagram explaining the surface treatment equipment of the third example. The surface-treatment equipment 
shown in drawing 4 possesses the vacuum housing 1 equipped with the exhaust air system 1 1 , the gas feed 
system 2 for discharge which introduces the gas for discharge in a vacuum housing 1 , the electrode object 3 
arranged at the position in a vacuum housing 1 , and the power-application device 4 which impress high- 
frequency power to this electrode object 3, and the gas for discharge is made to discharge, and generates the 
plasma as well as each example mentioned above. 

[0044] And the power application device 4 in this third example consists of RF generator 41 which generates 
predetermined high-frequency power, a turnout 44 which branches the output of RF generator 41 in the number 
of said two or more electric power supply parts, a branching guided wave object 45 which leads the high- 
frequency power which branched by the turnout 44 to each of said electric power supply part, and an adjustment 
machine 43 arranged, respectively on the supply line of high-frequency power with each branching guided wave 
object 45. That is, it differs from the second example for a start which was mentioned above at the point 
adjusted since high-frequency power is branched. 
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[0045] It can be used choosi^Plrom the branching port 442 in the first ^Kple mentioned above, a guided 
wave means like the branching guided wave object 45 or a commercial coaxial cable, etc. suitably as a 
branching guided wave object 45 of this example. Moreover, as a turnout 44, the same thing as the first example 
is employable. Thus, since high-frequency power is branched, if adjustment is taken, it will become possible to 
perform impedance matching according to an individual in each branched power supply line. For this reason, a 
difference of few impedances of each branching guided wave object 45 very thing, a difference of the 
impedance in a connection part with the electrode object 3, etc. can be compensated, and the optimal impedance 
matching can be attained. Since the configuration of other electrode object 3 grades, actuation of equipment, 
etc. are the same as that of the case of the first example, explanation is omitted. 

[0046] Next, the setting location of two or more electric power supply parts which can be set to the invention in 
this application is explained additionally. In the invention in this application, two or more electric power supply 
parts are set up for making a plasma consistency equalize rather than the case of one electric power supply part 
needless to say. Therefore, it is the location where a plasma consistency becomes homogeneity in a field 
parallel to the front face 31 of the electrode object 3 compared with "the equal location" in claim 1 in the case of 
one electric power supply part. The example set up in the shape of central symmetry as an example of this 
location to the core of the rear face of the electrode object 3 which was mentioned above, or the medial axis of 
the body 34 of an electrode is adopted in each example mentioned above. This is a configuration which the 
configuration of the electrode object 3 or the body 34 of an electrode sets up two or more electric power supply 
parts in the shape of central symmetry, and makes equal each electric power supply path to the front face 3 1 of 
the electrode object 3 from a rectangle or a circular thing. 

[0047] Moreover, when the configuration of electrode object 3 the very thing is not central symmetry-like or the 
member which makes a surface impedance an ununiformity is arranged by the circumference part, the 
homogeneity of a plasma consistency may not be attained only by saying [ "making it each electric power 
supply path to the front face 31 of the electrode object 3 become equal" ]. That is, the high-frequency power 
impressed, respectively arrives at the front face 31 of the electrode object 3 through the path used as the 
minimum impedance from an electric power supply part. Therefore, it may be necessary to set up the location of 
two or more electric power supply parts so that the minimum impedance of each electric power supply path may 
become equal. 

[0048] Asking experimentally is also possible when it is difficult to perform such a setup on count. That is, a 
setup of two or more electric power supply parts is experimented by changing many things, and it asks for the 
location of two or more electric power supply parts where the most uniform plasma is generated experimentally. 
In addition, although measurement of plasma density distribution is possible, you may make it search for 
plasma density distribution indirectly from distribution of the progress condition of surface treatment over a 
substrate 50 by the probe method etc. Since distribution (for example, thin film rate-of-sedimentation 
distribution) of the progress condition of surface treatment is influenced also with parameters other than plasma 
density distribution (for example, temperature of the electrode object 3, flow of gas, etc.), parameters other than 
the location of an electric power supply part are made the same, and are made to conduct the above-mentioned 
experiment. 

[0049] In the configuration of the first example mentioned above, although it was explained that the electrode 
object 3 consisted of a rectangle (a square or rectangle) or a tabular circular member, it may not be restricted to 
this, and may be tabular [ of the shape of a polygon of a triangle and others ], and tabular [ of other 
configurations ] is sufficient as it. Moreover, you may be configurations other than box-like or tabular [ of 
pillar-shaped ** ]. Moreover, when the electrode object 3 is tabular, it can express as an example of two or 
more electric power supply parts of the above "an equal location", saying "It arranges in the shape of axial 
symmetry to the segment on the rear face which passes along the core of the shape of central symmetry, and a 
rear face to the core of the rear face of the electrode object 3." In this case, with "a core on the back", if it 
becomes common, "the point that a line perpendicular to the rear face concerned and the rear face concerned 
cross through center-of-gravity point" when "electrode object is formed by the uniform consistency" can be 
considered. 

[0050] Moreover, with the configuration of the second example, the part of the body 34 of an electrode 
explained to be disc-like can be considered almost like the electrode object 3 of the first example of the above. 
That is, the body 34 of an electrode may be tabular [ of the shape of a polygon of a triangle and others ], and 
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tabular [ of other configura^^ ] is sufficient as it. and — as the exampi^^"the equal location" of two or more 
electric power supply parts set as the skirt-board section 35 in this case — "-- it can be expressed as axial 
symmetry-like" to the line which crosses at right angles to the shape of central symmetry, and a medial axis to 
the medial axis of the body 34 of an electrode. In addition, a line perpendicular to the plate surface (a front face 
or rear face) of the body 34 of an electrode can be considered with the "medial axis" in this case through the 
"core" in the same semantics as the above "a core on the back." 

[0051] Furthermore, the equipment of the invention in this application can be used for surface treatment, such 
as creation of thin films other than an amorphous silicon, silicon nitride, etc. which were mentioned above, and 
etching of polish recon etc., scaling or surface nitriding, etc. For example, since uniform etching processing 
advances by the uniform plasma when the equipment of the invention in this application is applied to etching, 
good etching to which furring is not shaved or the ingredient for etching does not remain is attained. Moreover, 
the invention in this application demonstrates big effectiveness to the substrate 50 which the configuration of 
the invention in this application has in inclinations to enlarge, such as a wafer for LSI, and a silicon substrate 
for solar batteries. Furthermore, like [ in the case of using the RF of a VHF band ], even if a substrate 50 is not 
enlarged, when using the RF of short wavelength relatively to the magnitude of the electrode object 3, the 
invention in this application demonstrates big effectiveness. 
[0052] 

[Effect of the Invention] Since two or more electric power supply parts are set as an equal location according to 
the surface treatment equipment of claim 1 as explained above, distribution of the high-frequency power 
supplied to the front face of an electrode object becomes homogeneity, and, as a result, the uniform plasma is 
generated. By this, the uniform surface treatment to a substrate becomes possible. This effectiveness is 
remarkable when using the RF of short wavelength relatively, a large-sized substrate and. Moreover, according 
to the surface treatment equipment of claim 2, it becomes possible to perform uniform surface treatment, 
enjoying the merit which uses the RF of a VHF band in addition to the effectiveness of above-mentioned claim 
1. Moreover, according to the surface treatment equipment of claim 3, since the RF generator and the 
adjustment machine are packed into one in addition to above-mentioned claim 1 or the effectiveness of 2, it is 
effective in the configuration of a power application device becoming simple and becoming cheap in cost. 
Moreover, since a RF is branched and consistency is made to have [ according to the surface treatment 
equipment of claim 4 ] in addition to above-mentioned claim 1 or the effectiveness of 2, the effectiveness of 
becoming possible to compensate a difference of the impedance of each branching guided wave object itself 
etc., and to attain the optimal impedance matching is acquired. Moreover, according to the surface treatment 
equipment of claim 5, the effectiveness of becoming the configuration optimal as equipment which processes 
the substrate of a regular polygon or the configuration approximated circularly in addition to above-mentioned 
claims 1,2, and 3 or the effectiveness of 4 is acquired. Moreover, according to the surface treatment equipment 
of claim 6, since the electric power supply path to the front face of an electrode object is shortened further in 
addition to above-mentioned claims 1, 2, and 3 or the effectiveness of 4, the effectiveness that the problem 
resulting from the surface impedance of an electrode object can be reduced further is acquired. Moreover, 
according to the surface treatment equipment of claim 7, in addition to the effectiveness of above-mentioned 
claim 6, the inflow of the RF to the inside of the skirt-board section is controlled, and the effectiveness of 
becoming suitable equipment in respect of energy efficiency is acquired. Furthermore, according to the surface- 
preparation equipment of claim 8, it can obtain in above-mentioned claims 1, 2, 3, 4, 5, and 6 or the 
effectiveness of 7, and surface preparation to the substrate for liquid crystal displays can be performed. 
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DRAWINGS 




[Drawing 3] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



6/16/2005 




http://www4.ipdl .ncipi . go.jp/cgi-bin/tran_web cgi ejj e 



JP,08-325759,A [DRAWINGS] Page 3 of 3 




[Translation done.] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 6/ 1 6/2005 



(19) B #B4#HF/r (j p) 



(ll)»«FHi«^BB## 

#PI ¥8 -325759 

(43) 4*BH 0 8 m (1996) 12^ 10 0 



(51) Int. CI. 

C23F 4/00 
B01J 19/08 
C23C 16/50 
H01L 21/205 
21/3065 



F I 

C23F 4/00 
B01J 19/08 
C23C 16/50 
H01L 21/205 
21/31 

mmm *ts# m*m<o%t8 fd 



B 

(£10H) 



<2l)ttHK#* 



(22) (HHP 



VfM¥>7- 156968 



^7^(1995) 5^300 



(71) ttJHA 000227294 

KltaWfiF* mE» 5TI8Slf 

(72) SSW# *JI| fTA 

(74) ftiA #s± «s «- 



(54) imw<D&m mffi&mmm 



(57) 



& £ s 









43 41 




V 



1 



( 2 ) 



js & a ts ■& top u r nmm n * &i&m £ * x 7° ? x-^ & 

£/&^3*^TOP^#i£;MiU ^fiSLfc^X-^S- 
fijffl LT£«<^B£&3i-3^B4&32£BK.:fc^-<\ 

[f»*JS2] JtfJfEifi^jgS^cDJl&gSctt, 3 0^3 
*J5 1 fettW^B&S^fio 

IB«*tti(&tt3f o# * fc*< t fab mat £ tt 

b&ssib, 

[if*jS5] Btria«n^«tg^»$p*j-T?fo>), Mien 

*ttit&tt9fttx »Bi-fcfc*>^7X-^£r£jj&£-fr5£Pia 
{d St ifij L itu B t ttR *MM O B K & ^ T S S£» B © <P to 

»*rawKKttj££*tT^.5 r t zmwii-r i , 

2, 3X«4|E«cco^B^S^Mc 

H^^ODjg^^ ^^Xv $ 5 £Pfl t fiK*tt»J 40 

KXE$nrv^5rt*1*«i:i-5»*qil, 2, 3, 31 
(4 4 f5*feW«BMa^« 0 

tott tcfcf L T * tott^WX (4 f &M I- £ *> 5 »K: 

6 tattw^BMa^Bo 



»?8- 3 2 5 7 5 9 
2 

6 jstrr 7 iE«cD*BMa^fi„ 



Jjl, 2, 3, 4, 5, 

[SS^roi^Mfctapj] 

[00 0 1] 

mmwint)iz£'9±c&ittc%#iifcmic£.<?x-7° 
7 x-7 zzLtiL-rz, ? <4 7<Dmmf&mmm^mi-z> t ©-c 

[0 0 0 2] 

si (^«mA«iEiss) . lcd m&^^xyu 
wxtt-ft^w^ffl Srfijffl L-fzmm&mtfntitix ^ 

r ©i 5 ft^B^gcDfc*©:/^ X-v^cd^-S;(ci4, 

ztiim-tzttiiimwsicmmztix^z,, 
[ooo3] @5ii, rcoj; ?temm&nt)iz£z>%#; 

v&mx&z, m 5 i^i-mmtemmmit. 1 1 * 

t5Mffl^iA^2t, K£S«irt<oBfje©(fc« 
(-ie«$nfc«^3 i:, rrofl;1l^3(ci^jgjSm73Sr 

[0 0 0 4] *77TOPH«4«, ii5J1^5r^^$-ti:Sffi 
J3StlS4 l KJl^mSi4 1 755^^$-yrfci^JiKm 
A^airt©lI*3i;W<W4 2i 1 mm 

K50H, #<co#-e-. ^X-r^^^tuS^ 

t, 7°7X^±f&&tmm-fz>) £m/»xnmw-3iztt 

rSjLTiBB^n^Slg*^^5±(c:^$^5„ 

[00 0 5] HI 5 W^B^a^Bt-fcV^T. 1 1 

4\c£^xmMte3tcpxj£<Dmm$imt)zmnirz>„ m 

$ttfc7 P vX-<'0^a^lXI4-fk^Wf^ffl(-<toT, S« 

sro^Bt-^oMa^jg^ttSo ffl*-i-£%immjfxk 
(as, TOP$tvsi«i§i^@73i4, HF^tcM-rs 1 3. 5 

6MH z roil^^c(75t.©^ffl^iX'5^ir^#i,^ $ 
fc, ECR (iW^ohDy#,|) *fflmi,X7°7 
X-^S-^-TSlSBTH, 2. 54GHz©W^ci 



• (3) 

10 0 0 6 J 

«©*sBro*#$ testis? uyt*:#*7'7X-v^j*seiaj^ io 

[0 0 0 7] L;fr>LftriSP>, 3891*<D$r3Etc:J;5£, ± 
tc/it)^v>r i^*U^Lfc„ bp*,. 1»©/7X 
Jilted cftv\, La»u «^roMH<c^:§:$ijs?fi^jg 

< 4 9 mlE»^:t $ ^ i/4^iit Life 

/7X^«TO-tti4otLt9„ 30 
[0 0 0 8]-*-, T^r^V!) a»«HW«rf^A 

K)J;5^HFSroiSJltfl^< > VHF?f?CO;l5JIi£cO 
ffifflriStHg^tvC^S (S. Oda, Plasma 
Sources Sci. Technol. , 2 
(1 9 9 3) 2 6) „ ZVmmiZ&Zb. 13. 5 6 
MH zCi^tl^C^I &<DmR.% 1 4 4MH z COi^Jl 
KT'TOPi-^r i(CioTfi)cSIilS(il 3. 5 6 MHz 
c9i#-£-cD,^3 Offcirfct), T^offll^WS i H, jfe-g-cogi 
*»Cfc9IRK#l*l-hU SfcKS i ©»«c^0>£j*t>B& 40 

[0 0 0 9] L/fr>Lft#5f>, 144MHzSSfflVHF 

;i/7 r ^ U 3 yiKw^lSfli^ 5 0 0mmX6 0 0 
mmaae©*«/j;««©«S#:!4Sffiffl$ix5 0 1 
4 4MHz©lMl^©iStSli2. lmglt*!), 
SEot, l/4li5 0 0mmSSt/f5 o ro^tt, 



^8 - 3 2 5 7 5 9 



fe, ±teXSfc-C«|g?TlTV^ X 1 4 4MH z CDS 

^-it7*7X-7ilS4^$jltL* 9„ 
[0 0 10] JhfB^CSfc<0 <t 5&VHF$f<£>iei 

{2/ a) } (fiU co Mo ;3 

a T^x^S, BP*,, 8 

tt, a> (=2 7tf) ©l/2»t^H:flfiJLT/hS<>5c5fc 
VHFffic75^-g- s 13. 5 6MHzWHF$|;Jt^ 
S£ 2/3~l/5eti^-?TLi5„ 
[00 11] rcD/c£>, fMlftW^Bf-fettSv^ — 

[0012] *mmwt*. frfrz>wkm*M&;-fz>tz.mz. 

[0013] 

£, r»*®ft:(cii5^&ffl;^^PPiPLT«cmffl^^^^ 
m * * T -f 9 X-^ £ 3 «73 EP#n«ltPI £ £ JW1 L . 

3 0A>f>3 0 0MH zroVHF^ILTV^t 



( 4 ) 



^(Dmm&mficDmsyJ >-±iz.mm^titzm^t . 

mWit, ±IEIS*3Sl, 2, 3Xf4 4cr>«^*JV>T, 

x m tm a © * & k # l x <p fcnwvtx it *> m z m 
ffi±<Dmz*tL,xm*tVfimz&fe£tix^z>k\,^?mi8. 

X-?±f&&m t tXKttWizfartXMXfiZ X o (c L 

»#«8fa*ro»93tt, ±feet*«i, 2, 3, 4, 30 

5. 

[0 0 14] 

[0015] am, *m&w<Dm-nmm<omft® i m 
mm^m.mi-^mmmxhK>. 021*, 

#«3Ri l&fll 1 i, ^iiirtc 
]Kffl;ffl^^^^A-r?>^Sffl^^3lA^2 Xg$4g 

1 t*9om^ro{4Bf-iee * *tfc«s«E 3 * , 3 iz 
mmiS.mti^maLxikmmtf^^ikm.^^xyy^ 
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[0016] *1\ 1 rtroef^^igfciii, «i 

S£*i-£>S«5 oasffifiSax-sa&E^A^StfSRBSix 
Tl/^£„ toS$ix5Stg5 014, 5 5 OmmX 6 5 Om 

mM<o*l 

[0 0 17] — *\ *3lffifi»J^*3»1-5«®flE3l4 N S« 
5 0<OMWz.ttfcL1t%Mti:fctf;<DmtX-3bZ> o l\coW. 

*k<Dnmfc3tt, stE*^y5ic3p^Tfc*fr6]-rs,t5^ 

5 t MMVf 3 (c «fc o T*fe*ttfc^W*s^7 

#3(4, #522^ 5 0 1 m#tg©S*lX 

f4jE*-^ro*g^WSB*fCfo<5. £fr<Ojp:£f46 Ommg 
^T-fc5 0 fab, «Jli^«i5{cttB^3(75^H#ifi(7)^ 
SrJEtLSW-C, f$ t LTIJMI^ (VHFST-2 0 

3fc^LT*£*«i<0^KIMtttt&;ft,Ti^5. BP 
HI 1 (i^-f i 5 fcJt£J&» 1 l4-hE«S|ggl5^(^^ 

3*s»5fttte>tfC^5 Q KS^SiwSMiit6^! 

tin (DfflRxffemya i 3 1 3 .t <7>r^ica^m^ 

[0 0 18] w<O±5*«S#:3^0f^«>i*5H« 
1*?rP(lJPl-5«^TOP#«4(D«^(coV^Tlft0Ji- 

5„ *ms^(cjo(t5m^ppjDmt«4{4, m^<ommt& 

a*Sr*«^»«$*5^«S4 4i, ffiAttflHM 1 

a»e>#tt«4 4 ^<oi^ji»«^ro^7W >-±(cgaa$ 
n*:»^-«4 3t. 4 AX'^^ixtzMm^m,^ 

[0019] **jfefi»j(-*3itsiis^&mag4 1 

its 3 0~3 0 0MH z OVHFffiOiliSlASrM 
^-frS tcDT-fcip , ^Jx.l4HU^c03t»iP]«W 1 4 4M 
H z Sr-^tf 6 0~ 1 5 0MH zggroVHF$^M"J 

[0020] *mmm<Dmw.x>itW'2cont)&&ffiffitf 

Kfe$ixr*i9. «^3HlJP««4W^tt«4 4tt, ±13 

rv^„ rro^fe^4 4(4, |2l2(c:^-rj;5tc, tp&ic 
SSB^nfcRffi^roS^*- h 4 4 1 t . rcog^TK- 

4 4 2 £a»P>*j£3JxTl^.5o 

[0021] mmx- h44iit ±»s«iiic:ga«^^fc: 

S-a-S 4 3 1 5J-ftS§ 44t &*Ci*«fl£ (12Wi 
^) * s ^$n.2>a5^T-fcS„ Eg*W^H*#- h 4 4 2 

i4, - ws^^- h 4 4 1 9 0 mr$ffixmttmcm 
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h 4 4 1 <D8MAXmm#- htt 1 tM&tf- h4 4 

U ! M*-h4 4 2©|tfll £ <Md7Vl-5:-?AXfi 
^<O^JBX{i^T'fc5„ ge^tf- h 4 4 1 

$14, 113 0 mm, H^3 0mmgSffe5. 
M#-F4 4 2li 1 g30mm, 1 mm, ft £ 2 

0 OmmiltfcS, 

[0 0 2 2] #3lffi0iJ(£:fcit5#ll£^te#4 5 

14, Em^-fJ: 5(CRe^(7?m-tT-fo?>o r»^^E 10 

Sft4 5it ±te#ii£tf- h4 4 2iz.M^xmm^mm 

X'Em&tlXls^v ^-^&#:4 5(4, 13 2 iCTjk-ti. 5 
fc, -?:(05feSffiSi5^^=&^W5>i^#- N4 4 2©tffitl 
*t£;fx, Tffia#tf s ±fB®®ft3(DBB^gS£;ft-C^ 
#H£ig&#4 514, ±IS^*f- h4 4 l^£l^« 
S =. £ A3i(4^<©^JlXI4-g-^ bMf&Z frX 
V % -2>„ ^fj£i LT(4, ili2 0mm, i#i$10 0mmg 

tt'feSo ^tt^«s4 5 t#n£^- h 4 4 2 t<Dmm 

S^JgcDS^£/<c5o rwi 5 ^S®^JRw^{4-jI3: 

*r u r * ih «e> -r s « a* -$*m ft -e *> 5 „ 
[0023] wi2Rxf±.mm.wfabWfrt£m'9 . ^mm 

L-X'P'bMWm^^^inX^^. BP*>, fl;^#3tf>K 
Ewf'il^'^'^t LXJElfiW&ffi&^W^WLJg&th 30 

TV^„ JW*:#J(Ci4, ±fE#ll£2§4 4 coS^tK- h 4 4 

i (4«®#:3(D4 3 ^$A±(ciatt$n, vaai 
frb4 sm-riffixxMtktmz.mxfz>M$7$— h4 4 2 

h 4 4 2 «»«i*»p,Sietc:T*rtw3aEt/, mm 
#3<Dmm^mm&tixi^z> 0 ^t. ego^m^^ 

®ff«4, h 4 4 2cOfi£<£>(SI£2{iS ; (4 0 0m 

mis) &Mi$mk-tz>jExm(D&m&<v<iLmzt£z >c , 
[0024] ttms&ffin. mm»3<o<p^m> 

"b ft 5 ^< < 5t £**>o fcffiBKR j£ $ *t,5 r i: * L 40 

-<<m< isxmm$int)<omfk&'h£ <-tztntoX'3b 
#<-r5fc£>t;it4, ms^3wa55)-ewii5jijftm^j<oa 

tt$S<lhJx(4, K«««*<oa*Sr/h* <-*-$ w i^pj 
[0 0 2 5] — *\ HI 2 (r^-T 4 5 fttSfifc<E>4&£\ ffiJBI 50 
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a»p>, Wffi3 lro^AKiisi^orjfEiis. Sot, 

4 5S:45'«< fl-ffit-ISfi LTS^ftlS©^ 

[0 0 2 6] ft*i, ±IE©#tt#4 4 ©±fflt«©«*&7 
-Y>-±{CI4, *-g-#4 3*SEB**t5. 1^4 314 

4 3 i#H£§§4 4 £$rJRC*ia*<Z>*ifefl£, 
§§4 4, MiW4 5 5t;ifi*3tt*!)t 1 

3»i-5*ijai«*^<o«««t=jci:r*{i:-rs<oi4^»-c 

fc5„ */c, i«JS&mS?,4 1 ^t)t^4 3-^Oi§Jl& 
[0 0 2 7] mt}^lBffiM4&.ft-<Dffi$LK^^ 

^at«ll*9li*<±EW2 l £, ±Ef2lll:iflS 
txfc-'^yuy 2 2-^^FHI^co-v^.7ci — 3 ^ },n — v^A^ 

bmi&£iix\,^ e 

[0 0 2 8] mi (c^-f4 5 fc, ^HJS^jcoii;®^ 3 

14, rtSB^^^T-fot), mm 3 1 ttiLTl 3 2 

Sr#tfLt^5. Hllt^i-<t5tc, ®Hft:3cD»ffi 
iC{4, M*m-*&2 3<nmWiU3 3as»ric£*t-C^<5. 
^XiS[AW2 3(4, T/U5^«St©l6»*rjKfiR^ixfcfi 

»mffl* , ^^A^2©±gei : 2 
CM^tvS. ft, 3 <©Mffi 3 lfcKtt 

^^#{±JL7L3 214, tlO. 5mmiS©i^it(0 
T'fct), 1 0~1 5mmSft©|BIIHT?KltP>ixrv^S. 
^!*#ttJL7L3 2*s*#<*5i:. 1 l*JOJBE 

^(-4ot(4^XP*:#mL7L3 2 «)rtffi««BJ^T?if»«i4«4 

3 CDffJSn 3 1 <Digiffi-4 V f— (cfto 

^C7iV^*<0^# $(c-TS^S^fo5o rcoA#$ 
(4, K^§gll*9(DJE73J-'t>«tS/i5 > ^iJxtflTo r r 
fl«<OEE;>3<754§-£-, lmmi^Tf&i. 

[0 0 2 9] ±EWj5fc»cd»*»SSSc«ffl^^*A* 2 T- 
(4, iEtf2 lA^7y^5gA < t2 3trS* LT@11#:3 

^/^»*:#WLhFL3 2*^e>!*:#aiL-c, K*©y7X74 
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tia&mzm-rz*. sj-fto-cv^; ^<nz.o\z.w&&3 
5„ 

[00 3 0] 1 t,zttt%£ntctim%< 1 1 10 

1 1 Sr{ix.T^JXL(f 1 O-'To r r W^mmtl^X' 
5 OcOtfJA^fflcy- h^/UT'l 25r{ix, y-h/^u 

[oo3i] tmns&^&ttmmmvmmcDW) 

gSll^&l O^To r rSgtr-ML, ^(D'&l&m 
[0 0 3 2] iif2m*W*om«4^it,^-f-5 o gp 

ffi-^§§4 3^iioT5>«^4 4(cjgi-S 0 ^Lt, 
^4 4T*Ego(C^-lI$Sttfc^, M«»ft4 5^itl 
S^3{c^rfL^*nEn*D^^S„ TOP$ tL7t^^®^l 
®^3<oa®^^4Sffi*St?oTHuffi3 Hzmife 

mA£titz%i:m.mtfxzmM&itxMtmz±c£i£, r 

±ot, 5 ±ois 5 0 <Dmmzffifc<D%im 

[0033] z.<Dm. mm<Dm<9. m%t<vmxw&mm 
■t>mm^s%7z£nxi,^<Dx\ nm#-3(DMm3 n^m 

mmfcmti tc <t o -c£j* $ n 5 7* 7 xv © ^ 9 xv^s 

*, 1«3.rojiuK3 1 — o©»^ 40 

fi. m<l<*:3(7)Buffi3 l^ro^:tb-^nroW*&iSBS{c*3V^ 
£*Wc:iij^igli, iS0:3(Di[i3 1 ic^x^icm 
1®^3 0*®ro|lDia-^?5ixrofcft, aiB-f ^fc'-yv* 
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[0 0 3 4] 4fc, KjqKttA<a&££tt«tt3affi£ 

t*©»ft«U4ggJ; 9 t«1®#:3 0HuB3 1 
t<4ofc^C4i:5, e,«41S«:3tf)ft^ 
LT-j&ft&ff$-C-*c9H-££, «£#3<7>ituB3 1 <OJl 

*5«if^®^co&«coA/4eSJ; t> 1>5v«iv>5 
r o J: 5 4M©tS* 3 

w*&u®^3 wttjffi3 i -eaas-e-Tvscot?, 

* 3 coftiE 3 l <Dfflm±<o&M<n—&<o 5 hnMchSSM 
oSv^^iW<086g|i4U/4 ^ax.-5^T-feo-Ct.7° 

0ijco^«coj; ^iLCDffl©M5 o z*&mi-z>m&& 
mmwxi-t, mM&3tf±mit-fz>Mfotfh*), ±e© 

«fc 5ft^Kll^W&*WX/4 ^iffix.5Hflffi3 1 £^ 
[0 0 3 5] Sfc— iSSJi&m^roflfe&igS&IC&^T 

3§£-*-55fe£$cn, ^7Xvicft^$M^i^^- 

iS0iJCDS^ttT-V-'5i <b, 0iJ^itf2g^:<O^-il$JiK#:4 5 (OV^ 
-f n.^-3|s:wl2BF^ISB^flj^j6^OTjS*(0 l / 2 tcffi 

^34§£\ -t©-*©^(ftil|Cjft(t:4 5©SS«t«fB^©HH-e 

WPi^iiSJl&W^wiS*© 1 / 2 frbJMtit J; 

ffitB-CJEr*LJpix©^tti»jft«:4 5 JC#f<&i-5 J: 5 fc-«x 
«T±IE*fe«OlB]«H:*l< Mft^tetiT-ftJliS 

[0036] Jr^*:Wft^sMa<D0iJ^;o^^rIftBJ-r-5 
*t \.xi/7^&x}fom<nm i j &-Hx.*mA-rz>. 

T, S-g-77"^.c73i)Sfl:§r lOOOsccm, #H^.ffi^jS: 
1 T o r r !Cl£5tU Mfc®. 1 0 0MH z (Offijl^ll^ 
?r2 0 0WSfitW3CMt5 o ->7^/7k^W^l 

r ^ -> y =» >«K^se 5 o co^a±ic±t«-r So 
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o icM-r znsgVFtiu&mx-tL r^7 7^vy = v© 

[0 0 3 7] #II^©l&-3li£#JtCO^TfftBJ 
-TSo 1213(4, ^-^J£^J^ffitoS$IB^Ift0J-r-5M 10 

|5Jt£, l 1 *ffiz.tzMQ®$s 1 £ , 1 1*1 

s§ i rt^^f ^<7>{£gic:gae $ ixtcmm» 3t> ; ©ai& 
#3 icmmmmtizwtio LxMtmmtfxzi&mts&x-? 

5X^*±riti-S«yjB]Jp«Mll4i:«rJ|«|Lrv^ 0 * 

i4ii, Mffl&«gg4 i ©a*&«*t;:3'yi£*5$» 

«£§g4 4 £, ^M^imMA 1 4 4— ©iibJlS? 20 

«*W#f*&9-f ^±fcE«Snfc«-&«4 3 £, 

4 4x-ft&£titimm&nt)&isii%d.ntii&m&ffi<o&* 

[0 0 3 8] 3 ©*Hfi£i4, £ »4 

*#<S4otv^„ rcoHJg0iJti*5»-t-5m^3l4, 

3 4 £ r. ©«*!##: 3 4 ©JI^;^ <b 7° 
y X-ragW £ ttE*HMKl*]l*-CJiEtf<5 4 5 |C bT^tt fe 
tltzXjJ— h§B3 5^f>1S^$ttTV^5„ ^.*-MfC3 
514, *S«<08l5ttSrRHttlcA«)T»*Ufcn««t<0 

5<t9ictl*ft3 4<£>j^;i:{;:SfS:£;}x-c^5 0 

[0 0 3 9] tLT, rcox*- h$B3 5(C1, 
*{HntettBWSKJ££*LT^5. EP*>, mast rattled*. 

@j?rf4, RSttt©*;*/- hSB3 5 0*Bti:J6«!EtcR££ 
*VCV*<5. IP*>» l/4<OR3fll-fo|HTT^PStC^ 
SJxrv^S. *{£#Jtcj4, #(&Smft:4 5©$«;65, & 

[0040] z.<D&o{cWM&3<omU^*J}—YM3 40 

5^11 -©*#- hgi5 3 5 (ca^^aBf *ts^-r 

6£, mi£ft:3<omffi3 1 {^M5Jl5Jlifi®^J<DW*&iS!S 

* «j , m— mmmx- $tm l/c 4 5 id, utis 3 1 ^<nnti 
m-^^xx-% z>tirtmm~ : &\>mM^h'yx < 

rftSrJf Ut#>5£, mffifr 3 ©J^Stc® 
^^l&S^f^^^-r-S r £ zaftig t ^ 5 - t fcftStfS, 
«tR©®®tt: 3 ©#-£-, BIKMfS*4 5^«t 50 
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5ittt5H5WKHjff^S>6. ^T', -©3Ufe#<J©4 
51-, — h^B 3 5 Sr^fTTr©;**- h^|J 3 5 

[0 04 1] ffl, tt*^|&ftBSS:fi<i-5***»e>, » 

4 5 ©sNKa^f tt, 3 ©hub 3 1 tc«rtg 

&|5S9i£Wi«BP*>;*;*7- hg(5 3 5 ©Til: nJtlfclB 9 

«*WI&«0f*»e>^*-h»3 5©±J#:£T<©S&8£d 
(4, KSB3 5©l*jB^©it5J^&©i(cA&B&Jl:-r-5 

ft© 1/4X14 1 /2 fcK3£Lr*J< «;*J0W&ttBf 
£*#- h£B3 5©±J££©WT*3t&&;as^$£;h,5© 
T\ Ji^StIh] 9 i2iA/X°(D^jj— h SB 3 5 ©l*)[Ii~-©ii)H 
®©«EA^ffl]»J$*t5. l*JB^SSA-rSi5^St{47'7X 

^^{cf4^#*-rtc*ii*:^^»$n-53i^^--t?fo 

[0 0 4 2] mffi{£3©A#£i: LTI4, Hili£ Lfc L C 
Dffl©S«5 0 5r^Si-?)«-a-, «ffi*^3 4©g(5^© 
A#^7)5^Jx.(4ii:^4 0 0mmS^£^tLS„ 
3 4©f$ > ^^?*:#a3U7L3 2^©^ 

(4, ffi&Ltzm-mm>i<nmmfr3 kmm\cmi&x% 

4£(^«|{c«^$ns= «, «®*^3 4 0>7EMKf4RlS 
■C* < £ fc 4 < > jE^^ft*-^©^^^©^©^ 

vtx-hx^o r©^-mfe0ij©^Bt>, m-mmmtm 

m\cl%— ti.v'y^^mx^— ^*ffi^!S?r»«5 Old 
Jli-r £*SBj^t , foSo 3S«©«)^7°cHr^©F'J^ 
(4. »-HlfiWi:RI«*«)-CRWS:«iei-5. 
[0 0 4 3] *iM^^©MH*J£^J(coV^rlttB^ 
•t-5. 04 f4, IB = *afiW©*ffi4Q.aSI«S:lttWr5« 

commit 3 iz^mmmti^ma LtMi^^iJ 

* T 7° 9 X-r * 5 PP*P«« 4 £ % JWt L T V > 

So 

[0044] lt, r <Dm=.mmmi l z%n?z>w.t>3ifiQ 

SMB4I4, 0f^©iii^S?m^*^*$-lir5iSilffi?Sj!l4 
l £, AJ8&tttt4 l©tB^jSrMIS«^:©^W«&@9f 
©^i-^ll$^*5^llS^4 4 £, MS4 4fM^n 

(*45t, 4 5 »C± 5 i«H««y3©« 

V±(C-?:tb-€tLld«$tL^^4 3 

•BrS^-e, HfJiEL./c^-^-H^J£S^o-C^-5o 

[0 0 4 5] r©HSS0iJ©^jgiSfr4 5 £ LT(4, ftfJ 
i2liLfcm-|IJS0iJ(-*3(4S^ft^- h 4 4 2^5>fe^jfi 
^4 5 ©4 J^Jfi^aXfiifTIEroPJW*--^**^ 
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£*£>#li£sgi8E#4 5 £#©flfo&»ft>f vtr— 
©ffiit^fltB* 3 i: ©»««5^l^*5tt*'f > fcT— yv* 

[0 0 4 6] fcfc, 3WH»MK*J»t5*««3«*«i|&ffl 

[0047] %it, mrnvtz n&omtkt^-LmmvtX' 
■r ixx^-tty-rzm&te, mm&3<D 

[0 0 4 8] ;r©±5ftia££tfSU^5-<h#l8L^ 

a*, sis5 oic^-rs^ffiMscoit^-^ro^^bT 0 

fi, /^Xv^gMK^/^y-^ (#J;tf2\ mil 
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[0 0 4 9] ±ifiu?5SIS— *16««>«j5K^*sv-c» ttS 

aUK-efc-sifrS-, -hie ri^&fcgj ©itctAM 

£\ rsffirof^j i(4, -«ft-*-ixtf, r rwitea* 
ft it *i* £ S ttlW i # & 5 ;£ J i#x.5iH!T- 
[0 0 5 0] »-3IJ60tJ«>*^T«:, RISttilft 

WLtLmm*&3 4<DU^^^x±mm-mmm<Dm 
m#3 km£mmzi§z.2>Lzb&X'Zz>o ep^ mm* 

&3 4W\ =.ftW*<om<D&ftM&v>Wk-Zih'2Xh& 

r*<6«u kit, ±15 r^ffico^^j t^coS^T'co 
T^'L>J £»Dfl;te*:ft:3 4co«B (3ftffiXW:*B) (' 

[0 0 5 1] £<btc, #ig3§9§©§g«Hu tflxfiLfcT* 

^^^s^ir^CSo *«3SWW«^(4, LSI 

ft:1-5fK|p){Cfc5Sl£5 OfC^LT, 

3 <D±% S test L-CtB*f6«UcMv^«cDiB5«&?rteffl-f- 
[0 0 5 2] 

:cgM-47'7^^^ 
S„ rixtcioT, S«lc*f-rs*&-/ I e^B*!! ! a7!isWBi 

*aS^B«-«ttttf. ±f2ff 1 co^fcABX., VHF 
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mmmmmizztiti. ±mm*m 1 x« 2 0>3»»tani 

"bftSo »#*5(D*BteSSSBfcJ:*t»i, -hfE 

*0;3aig«t-<tttli, ±f5IS*iSl, 2, 3Xli4WM 
£ $ fe li<8;« $ it 5 r £ & X' # 5 t ^ 5 

{i<fc*Lf4\ ±tetf*JSl, 2, 3, 4, 5, 6X»4 7CD 
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[0 l ] #ffi!891©^0«fe0J(O^ffiM3&SSrt& | S-f 
[g] 2] Hl<0SttKi3^5^(S«i3j:0«^tti»ttfle«) 

[0 3] ss-*i60j©«E»sKB«:i&9i-t-3«i&0-c 

[0 4] » = 2«60J©*EteSSfi«:ttWr3«l&ia-C 
[0 5] tS*<B*EteS!&B<&*j£&raW1-5*M&B-C 

10 fc3„ 

[^rofftBj] 

1 X£$& 
1 1 #«L* 

2 JS«ffl#**A* 
3 

3 1 tfffi 
3 4 

3 5 — Y% 

4 «^SJ*P^« 

20 4 1 mmwimffi. 

4 3 S-g"§§ 
4 4 #d£g§ 

4 5 fttigmtiiW- 

5 StE^A-^ 
5 0 
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43 
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